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Bioinformatics

Testing biological hypotheses using
information technology and

computer science



A Sequence is an Abstraction

• Sequence is an implicit notation for the
chemical graph of a standard biopolymer
– Protein, DNA, RNA
– Limited “standard” alphabet

• A protein is a heteropolymer of amino acids
attached through condensation…



Protein Sequence - Database Abstraction

Biopolymer Sequence

GDKNADGWIEFEEL

Database of Sequences
Biopolymer molecule = string

Analyses - Similarity
Regular Expressions

    BLAST
Evolution
Origin of Life



4COX - consists of 4 chains

Structure GI
4COX  A 2780926
4COX  B 2780927
4COX  C 2780928
4COX  D 2780929

Link database

Cyclooxygenase-2 (Prostaglandin Synthase-2)

A 2780926

B 2780927
C 2780928

D 2780929

What is in a protein structure?



mmdbid   pdbid  models molecules structure

3543  177L  4  10

130  178D  3  76

3542  178L  4  11

131  179D  8  2

3541  179L  4  7

MMDB Database



two domains resolved: 1-245(green), 246-300 (blue)
unresolved: 300-400 (red)

>gi|230779|pdb|2TS1|  Tyrosyl-Transfer RNA Synthetase (E.C.6.1.1.1)
MDLLAELQWRGLVNQTTDEDGLRKLLNEERVTLYCGFDPTADSLHIGHLATILTMRRFQQAGHRPIALVGGATGLIGDPSGKKSERTLNAKETVE
AWSARIKEQLGRFLDFEADGNPAKIKNNYDWIGPLDVITFLRDVGKHFSVNYMMAKESVQSRIETGISFTEFSYMMLQAYDFLRLYETEGCRLQI
GGSDQWGNITAGLELIRKTKGEARAFGLTIPLVTKADGTKFGKTESGTIWLDKEKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

>gi|230779|pdb|2TS1|  Tyrosyl-Transfer RNA Synthetase (E.C.6.1.1.1)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXTSPYEFYQFWINTDDRDVIRYLKYFTFLSKEEIEALEQEL
REAPEKRAAQKTLAEEVTKLVHGEEALRQAIRISEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX



Protein Structure

• Most proteins fold into one conformation but there is a dynamic
range of conformational space available to protein structures.

• “Dynamics”



Apo (calcium free) calmodulin



Calcium bound calmodulin



Calcium Calmodulin as a protein-interaction domain



Calcium Calmodulin complexed with the inhibitor trifluoperazine



Amino Acid Sidechain Rotamers...





geranylgeranyl
post-translationally
modified
cysteine

X is the 1 letter code
for every nonstandard
amino acid…



Some Nonstandard Amino Acids...



!  A compact substructure of a protein based on the 3-D fold

!  Defined without regard to the sequence conservation shared 
with other members of protein families 

!  Without regard to sequence continuity (i.e. topology) 

!  The domain division in MMDB is generated by the Vector 
   Alignment Search Tool (VAST)  

! VAST generates a domain division based on the compactness 
   of adjacent secondary structure elements in space

A Domain Definition



Domain Sizes

Distribution of domain length in 10e-7 set
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Domains in Protein Structures

Distribution of number of domains in one chain in 10e-7 set 
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Very different from the genome perspective, 
most human proteins are multidomain...



Domains are comprised of contiguous 
or interrupted sequence

OR

interrupted contiguous
domains  6,493 (17%) 31,057 (83%)
chains  4,198 (18%)  18,975 (82%)
structures  2,711 (23%)  9,196 (77%) 



Tyrosyl tRNA synthetase

Proteins are modular and  often functionally divisible.
Structural domains often correlate with protein functionality.

Rossman fold, a nucleotide binding domain, in green
tRNA recognition and binding domain in blue



Some Modular Protein Domains

WD40 WWSH2 SH3

14-3-3 ANK3 ARM BH1 C1 C2 CARD

EH EVH FYVE PDZDeath DED EFH

PH PTB SAM



Detecting Domains

• Most protein structure domains are known

• Many can be identified with PSSMs

• New  tools - CDD (SMART, PFAM)



Most Human Proteins are Multidomain































BIND - a database for molecular interactions

www.binddb.org



Protein Assembly - A Database Problem

• How do we assemble all the molecules in
the cell?

• How can we discover new pathways and
functions?

• How do we simulate cellular processes?



An Interaction Database...

• Databases of molecular interactions are needed to
understand the mechanistic complexity of diseases.

• BIND is the Biomolecular Interaction Network Database
– molecules interacting with each other
– captures the details of molecular function and mechanism



Interaction pair
“A binds B”

Database of Interactions
Molecule = Vertex
Interaction = Edge

Tools/Computations
Graph Theory

Pathway Finding
Simulations
Cellular CAD

Interaction Databases 

Goodsell



Y2H Data 
from 
Stan Fields 
in BIND



.



Standards are Essential

BIND interaction

Author, Date

Updates

Accession

Molecule A

Molecule B

Description
place, binding conditions, binding sites, 

chemical mechanism, kinetics

Source (literature)

Molecule A Molecule B
Short Label

ID and DB reference

Origin/Cell Stage

Sequence (NCBI Seq)

Structure
     (NCBI Biostruc)

Text Description

Short Label

ID and DB reference

Origin/Cell Stage

Sequence (NCBI Seq)

Structure
      (NCBI Biostruc)

Text Description



 <BIND-action_kinetics>
                <BIND-kinetics>
                  <BIND-kinetics_descr>Kd derived from k-reverse/k-forward; k-foward 
and k-reverse assumed to be same as G actin binding F-actin without profilin (IID 251) </BIND-kinetics_descr>
                  <BIND-kinetics_kd>
                    <RealVal-Units>
                      <RealVal-Units_scale-factor>-2</RealVal-Units_scale-factor>
                      <RealVal-Units_scaled-integer-value>7</RealVal-Units_scaled-integer-value>
                      <RealVal-Units_units>uM</RealVal-Units_units>
                    </RealVal-Units>
                  </BIND-kinetics_kd>

          kinetics {
            descr "Kd derived from k-reverse/k-forward; k-foward and k-reverse
 assumed to be same as G actin binding F-actin without profilin (IID 251) " ,
            kd {
              scale-factor -2 ,
              scaled-integer-value 7 ,
              units "uM" } ,

BIND is both ASN.1 and XML Compliant

XML

ASN.1



Reactions and Interactions

S P
E

An interaction with a chemical change...



Linking Genomic and Proteomic data
A B

A` B`
HHHHHH

Genome Protein
transcript

Experimental
protein



Complexes  - Built up from 
Nested Interaction Pairs



Uncharacterized Complexes

or

:? +

?

Immunoprecipitation 
or affinity methods
discover complexes, not
always pairwise interactions



What BIND can encode...

• Simple interactions
• Enzymes, substrates and mechanisms including

racemases and conformational changes
• Restriction enzymes
• Limited proteolysis (insulin, clotting cascade)
• Reversible phosphorylation
• Glycosylation
• Transcription factors
• Intron splicing
• Ubiquitin mediated protein degradation



What BIND cannot encode

– bulk phenomena
• membrane potentials
• gradients
• calcium waves
• water

– “perfect” cellular localization
• (4-D time-development/organism axis).























The backfilling problem

bind* 487, 120

interact* 226, 932

associate* 727, 298 62, 730

1, 283, 607
{interaction}

>10, 000, 000
{PubMed}

77, 041

11, 541

29, 513



Identifying interaction papers

Vacuole SNAREs, including the t-SNAREs Vam3p and
Vam7p and the v-SNARE Nyv1p, are found in a
multisubunit "cis" complex on isolated organelles.

 A major educational effort is needed to inform patients, providers, 
and third parties that the presence of a particular allele in an 
individual is only one piece in a complex puzzle of environmental and 
genetic interactions that may ultimately result in disease.



PreBIND: the backfilling solution

Create tools that help a few people enter records quickly and
simultaneously offer these tools to the community as
something that is immediately useful.

PreBIND is a data-mining tool which locates interaction
references for a protein.



PubMed name search

RPB2, Soh2, Rpo22

RPB2 [WORD] AND “Saccharomyces cerevisiae” [MESH]
Soh2 [WORD] AND “Saccharomyces cerevisiae” [MESH]
Rpo22 [WORD] AND “Saccharomyces cerevisiae” [MESH]

PMID’s PMID’s PMID’s



Identifying interaction papers

All papers

Interaction papersOther papers

Support vector machine



Identifying potential interactions

c, d

a

b

a
b

c
d

a and b
b and c/d
a and c/d

Which interaction(s) does the paper talk about?

1. Classified as interaction paper
2. Talks about two or more proteins



Scoring potential interactions

Rad5p

Soh1

Soh2
Soh1 and Soh2
Soh2 and Rad5p
Soh1 and Rad5p

The Soh1 protein interacts with a DNA
repair protein, Rad5p, in a two-hybrid system 
assay.

The soh1, soh2 and soh4 mutants were isolated 
as suppressors……..

Soh1 Soh2

Rad5p
Soh1



How many names in an abstract?
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PreBIND numbers for yeast

Accession database unique proteins 6, 230

Search database (names) 11, 575

Total S. cerevisiae papers in Medline 42, 070

Results database (papers)    17, 043

Papers with 2 or more names 9, 361

>2 name interaction papers (svm) 2, 196

Potential interactions (score > 0) 1, 431



















PubBIND - A public database of
Interactions

• Biomolecular Interaction Network Database

• Public database, a submission site
modeled after GenBank

binddb.org



How can I use BIND?

• Public   www.binddb.org  (PubBIND)
• Query and explore the database.
• Submit data using the on-line forms and PreBIND.
• Download data, specifications and software.
• Contribute to the software base under open-source under

the GNU Public License...



Without whom this would not be possible...

• BIND & SeqHound
– Gary Bader
– Ian Donaldson
– Cheryl Wolting
– Howard Feldman
– Katerina Michalikova
– Ruth Isserlin
– Berivan Baskin

• BIND Collaborators
– Tony Pawson, SLRI, UofT
– Viki Lay, MDS-Ocata
– Francis Ouellette, CMMT, UBC
– Christoph Sensen, NRC-IMB
– Joel Martin, NRC-IIT
– Jim Ostell, NCBI IEB
– NCBI - Structure Group

• Steve Bryant, Tom Madej, Aron
Marchler-Bauer, Lewis Geer, and
more...

• BIND - Licensed under the GNU
Public license jointly by

– MDS Proteomics
– Samuel Lunenfeld Research Inst.

mds proteomics  

Canada 
Foundation for 
Innovation


